On the basis of previous studies from this laboratory (1), the hypothesis was advanced that the reabsorption of HCO3-by the kidney is mediated by two distinct H+ secretory systems. One system, termed the pCO2-dependent H+ secretory system, has a maximal HCO3-reabsorptive capacity (HCO3-Tm) which is dependent upon plasma CO2 tension and independent of carbonic anhydrase. The second system, termed the carbonic anhydrase-dependent H+ secretory system, has a fixed HCO3-Tm which is dependent upon carbonic anhydrase but independent of plasma pCO2.
On the basis of previous studies from this laboratory (1), the hypothesis was advanced that the reabsorption of HCO3-by the kidney is mediated by two distinct H+ secretory systems. One system, termed the pCO2-dependent H+ secretory system, has a maximal HCO3-reabsorptive capacity (HCO3-Tm) which is dependent upon plasma CO2 tension and independent of carbonic anhydrase. The second system, termed the carbonic anhydrase-dependent H+ secretory system, has a fixed HCO3-Tm which is dependent upon carbonic anhydrase but independent of plasma pCO2.
In addition to CO2 tension and carbonic anhydrase activity, H+ secretion is influenced by K+ (2) (3) (4) (5) (6) (7) (8) (9) . According to present concepts, there is competition between H+ and K+ for exchange with Na+ in the distal tubule (7) .
The present study, therefore, was undertaken to determine the extent to which K+ influences each of the two distinct H+ secretory systems and also to gain further insight into the relationship between H+ and K+ secretion.
METHODS
Studies were performed on 9 female mongrel dogs anesthetized with sodium pentobarbital. An endotracheal tube fitted with an inflatable cuff was inserted into the trachea and connected to a Bird assisted-respiratory anesthesia unit. The concentration of CO2 in inspired air could then be varied over a wide range by changing the relative flow rates of 100 per cent CO2 and 100 per cent 02 into the respirator. Methods for collecting and analyzing blood and urine have been described previously (1) .
The effect of K+ loading on the relationship between * Supported in part by a grant from The National Institutes of Health, Bethesda, Md., and in part by a grant from the Dallas Heart Association. This work was presented in part before the meeting of the Southern Society for Clinical Research in New Orleans, La., January 21, 1961.
+ Work done as a Public Health Service Trainee of The National Institutes of Health. the maximal HCO3-reabsorptive capacity and plasma pCO2 before and after inhibition of carbonic anhydrase was studied in 6 dogs. These dogs had been pre-fed 4.5 g KCI twice daily for 7 to 10 days. 
DISCUSSION
The present studies clearly establish that K+ administration markedly depresses the capacity of the kidney to reabsorb HCO3-. Moreover, the fact that Kg depresses the HCO3-Tm after carbonic anhydrase activity has been completely inhibited by acetazolamide indicates the profound influence of K+ on the pCO2-dependent, carbonic anhydrase-independent H+ secretory system.
To determine whether, in addition, K+ may inhibit the carbonic anhydrase-dependent system,2 the effect of K+ was assessed by examining the HCO,-Tm before and after acetazolamide administration in individual experiments. In dogs given KCl, the capacity of the carbonic anhydrase dependent H+ secretory system was estimated by subtracting the HCO3-Tm after acetazolamide from the HCO.-Tm before acetazolamide. The differences were determined at various CO2 tensions and were then plotted against plasma PCO2
in Figure 4 . For comparison, the contribution of carbonic anhydrase to HCO3-reabsorption in control dogs (i.e., animals not given supplemental KCl) was also plotted in Figure 4 and amounted to a mean value of 1.3 mEq per 100 ml glomerular filtrate (GF) with a range, as indicated by the shaded area, from 1.0 to 1.5 mEq per 100 ml GF. As previously noted in normal dogs (1) In previous studies it was demonstrated that the contribution of the carbonic anhydrase-dependent system to HCO,,-reabsorption was constant at all plasma CO2 tensions. This was interpreted to mean that this Ho secretory system is insensitive to changes in intracellular H+ concentration. The fact that K4 administration did not depress the contribution of carbonic anhydrase to HCO3-reabsorption indicates that this system is insensitive to changes in intracellular K+ concentration as well.
Since K+ exerts its effect entirely through the pCO2-dependent H+ secretory system, and since this system is markedly sensitive to changes in intracellular H+ concentration, it is tempting to postulate that K+ influences H+ secretion by some competitive process. According to this theory, as originated by Berliner, Kennedy and Orloff (7), Na4 is reabsorbed in exchange for either H4 or K+, depending on the relative intracellular concentrations of these ions. By raising intracellular K+, therefore, H+ secretion would be blocked, as a result of which HCO3-reabsorption would fall.
It should be emphasized that this theory of competitive inhibition is grounded to a large extent on the demonstration of a reciprocal relationship between K+ and H+ secretion. The acute administration of K+ has been shown to raise urine pH, to lower ammonia and titratable acid excretion (2, 3, 6, 9), and to block HCO3-reabsorption (8), while Ki deficiency augments the reabsorption of HCO3- (4, 5, 8) and promotes the excretion of ammonia and titratable acid (11) (12) (13) . Conversely, respiratory acidosis depresses (14, 15) and respiratory alkalosis accelerates Ki excretion (16) (17) (18) . This reciprocity between H+ and K+ secretion, while suggestive, does not constitute conclusive evidence of competition for a common secretory pathway. Such experimental procedures, by inducing reciprocal changes in the relative intracellular concentration of the two ions, could mimic competitive inhibition even though completely separate secretory processes were involved. In addition, much of the evidence showing an inhibitory effect of Ki on H+ secretion is obtained in experiments designed to test the ability of the kidney to produce maximal pH gradients between urine and blood. In such experiments, the total capacity of the system to secrete H+ is not tested; the actual changes in He secretion under such circumstances represent only a very small proportion of the Ho secretory capacity. Furthermore, the maximal pH gradients that can be established are dependent not only on the characteristics of the transport system itself, but on other factors as well, such as intracellular pH, urine flow rate, and permeability of the anions across distal tubular cells. Therefore, experiments that test the capacity to secrete H+ rather than the ability to generate pH gradients may afford a more reliable means of investigating the mechanism by which K+ inhibits H+ secretion.
In the present studies the nature of the inhibi- Figure 6 . Consequently, the reciprocal of plasma pCO2 is plotted as if it were the actual substrate. The expression, HC3O reabsorption per 100 ml GF, which is plotted along the ordinate, has the dimensions of concentration rather than rate. However, since the volume of solution (100 ml GF) is continually renewed with time, the expression also reflects the rate of HC03-reabsorption. The intercept at the vertical axis is equal to 1/Viax and the intercept at the horizontal axis is -1/Km.
competitive inhibition depends on whether the process under consideration is limited by a single rate-limiting step. The fact that the relation between HCO3-reabsorption and plasma pCO2 is curvilinear suggests that one or more rate-limiting processes are involved. To determine whether a single or several rate-limiting processes are responsible for this curvilinear relationship, the reciprocal of HCO3-reabsorption was plotted against the reciprocal of plasma pCO2 (Lineweaver-Burk plot). The fact that a straight line was obtained from such a plot ( Figure 5 ) suggests that a single rate-limiting process is involved. That this is not the passive consequence of a failure of increasing pCO2 to elicit commensurate rises in intracellular H+ concentration is indicated by the linear relation of HI concentration to pCO2 in the titration of kidney homogenate ( Figure 6 (Figure 3 ).
The second possibility-i.e., that competitive inhibition in the presence of progressively mounting intracellular alkalinization secondary to K+ administration might generate the kinetics of a noncompetitive process-cannot be excluded. Since under normal circumstances changes in plasma CO2 tension are linearly related to changes in the H+ concentration of renal tubular cells (Figure 6 ), plasma pCO2, rather than intracellular [H+] , can be used as the substrate for HCO.-reabsorption in the manner illustrated in Figure  5 . However, if K+ administration markedly increases intracellular [HCO3-] (19) ,4 then the relation between plasma pCO2 and intracellular [H+] , and consequently between plasma pCO2 and HCO3-reabsorption, would be altered in such a manner that any given increment in plasma PCO2 would result in a smaller increase in both intracellular [H+] and HCO3-reabsorption. The kinetic consequences of this change would be a flattening of the curves relating pCO2 to HCO3-reabsorption, and a simulation of the characteristics of noncompetitive inhibition even though the underlying mechanism were competitive.
On the basis of present evidence, therefore, the nature of the reciprocal relationship between K+ and H4 secretion cannot be established. This reciprocity could result from noncompetitive inhibition or from a process of competitive inhibition in which intracellular alkalinization plays a significant role.
SUM MARY
The effect of K+ on the relationship of the HCOj-Tm to plasma pCO2 was studied in dogs before and after inhibition of carbonic anhydrase.
It was found that Ki depressed HCO.-reabsorption to an equal extent before and after administration of acetazolamide, indicating that the depressant effect of K+ on HCO3-reabsorption was mediated entirely through a pCO2-dependent, carbonic anhydrase-independent system. The mechanism of the inhibitory effect of K+ was examined by means of Michaelis-Menten kinetics. From the fact that the inhibitory effects of K+ were greatest at high pCO2 tensions and that the Vmax, but not the Km, was lowered, it was suggested that the action of K+ may be mediated by a process of noncompetitive inhibition or by a competitive process in which intracellular alkalinization plays a significant role.
